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(57) In flowing a switching current tlirough an Induc- 
tive load (La. Lb) by means of an H-bridge ciroiit (4^. 
4b). a control circuit (3a. 3b) and a timing signal gener- 
ating circuit (7) are used to start a current supply opera- 
tion in accordance with a driving period of a 
predetermined frequency, thereby increasing the cur- 
rent flowing through the inductive load (La. Lb)- In 
reducing the current, a power source regeneration oper- 
ation is performed during a power source regeneration 
period and a commutation operation is performed dur- 
ing a commutation period. The power source regenera- 
tion operation and the commutation operation are well 
balanced with each other, thereby maWng it possible to 
perform a high-frequency driving with a switching cur- 
rent having less ripple. Also, since the power source 
regeneration operation is performed in a long time in the 
case where the switching current la/el is reduced, it 
becomes possible to quickly reduce the current level 
down to a desired level. 
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the quick attenuation of a current ftowing through the inductive ioad 131 at the tinie of switching of the current flowing ■ 
through the inductive load 1 31 v^hereas the commutation current 1 43 can make the slow attenuation thereof. 
■ However in the case where the release of an energy stored in the inductive load 131 is tried in accordance with 
any one of the two method mentioned above, a way based on the regeneration current 1 42 has a demerit that the atten- 
uation rs too rapid with the result that the rippie of the switching current flowing through the inductive load 131 is too 
large On the other hand, a way based on the commutation current 143 has a demerit that the attenuation is too gentie 
with the result that the follovrability in changing a switching current level flowing through the inductive load 131 is poor. 

Also when the driving by a switching current is tried in the case where there are a plurality of above-mentioned 
inductive loads 1 31 as in a two-phase stepping motor, there is a problem that in the case where frequencies for control- 
ling respective currents flowing through the plurality of inductive loads are close to each other, beats are generated with 
the result that poises or vibrations become large. 

SUMMARY OF THE INVENTION 

The present invention is made in order to solve the above-mentioned inconveniences of the prior art and aims at 
the provision of a technique with which a switching current flowing through an inductive load can be controlled to the 
optimum by confining a regeneration current and a commutation current. 

Another object of the present invention is to provide a technique with which switching cunents flowing through a 
plurality of inductive loads can be controlled to the optimum. 

To solve the above problems, according to one aspect of the present invention, there is provided an inductive load 
driving method for controlling a cun-ent flowing an inductive load, said current being supplied in both fonward and 
reverse directions by an H-bridge circuit including four semiconductor switching elements and flywheel diodes respec- 
tively connected to said semiconductor switching elements, said inductive load driving method comprising at least two 
of a current supplying step of turning two of said semiconductor switching elements on so as to supply a cunent from 
a power source to said inductive load; a commutation step of turning one of said semiconductor switching elements on 
so that energy stored in said inductive load causes a current flowing through said one of said semiconductor switching 
elements and one of said flywheel diodes; and a power source regeneration step of turning all of said semiconductor 
switching elements off so that energy stored in said inductive load causes a currentf lowing through two of said flywheel 
diodes* wherein said inductive load driving method further comprises the step of generating a timing signal having a 
predetermined frequency and indicative of a driving period to (i) start said current supplying step in accordance with a 
start of said driving period and stop said cun-ent supplying step when an amplitude of the current flowing though said 
inductive load becomes a predetermined value or more, (ii) start said power source regeneration step when said current 
supplying step is stopped before a predetermined time point and stop said power source regeneration step at said pre- 
determined time period, and (Hi) start said commutation step when said current supplying step or said current supplying 
step is stopped and stop said commutation step at an end of said driving period. 

Further accoreling to one aspect of the present invention, there is provided an inductive load driving apparatus 
comprising' an H-bridge circurt. including four semiconductor switching elements and flywheel diodes respectively con- 
nected to said semiconductor switching elements, for supplying a current in both forward and reverse directions through 
said inductive load: a control circuit tor controlling said H-bridge circuit to perform at least two of (i) a current supplying 
operation ot turning two of said semiconductor switching elements on so as to supply a current from a power source to 
said inductive ioad. (ii) a power source regeneration operation of turning one of said semiconductor switching elements 
on so that energy stored in said inductive load causes a current flowing tfirough said one of said semiconductor switch- 
ing elements and one of said flywheel diodes, and (iii) a commutation operation of turning all of sad semiconductor 
switching elements off so that energy stored in said inductive load causes a cun-entflowing through two of said flywheel 
diodes- and a timing signal generating circuit for generating a timing signal having a predetermined frequency and indic- 
ative of a driving period so that said control circuit controls said H-bridge circuit to (i) start said current supplying oper- 
ation in accordance wfith a start of said driving period and stop said current supplying operation when an amplitude of 
the current flowing though said inductive load becomes a predetermined value or more, (ii) start said power source 
regeneration operation when said current supplying operation is stopped before a predetermined time point and stop 
said power source regeneration operatton at said predetermined time period, and (iii) start said commutation operation 
when said current supplying operation or said current supplying operation is stopped and stop said commutation oper- 
ation at an end of said driving period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the whole of an inductive load driving apparatus according to the present inven- 
tion: . J , J J ■ . 
Fig. 2 shows the internal block of a control circuit and a timing signal generating circurt of the inductive load driving 
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The above-mentioned PHASE signal inputted Irom the exterior is connected to frie input terminals of the NAND^ 
and AND3. as it is. On the other hand, the PHASE signal is connected to the input terminals of the NANDg and AND4 
through inverters INVg and INV7, respectively. Ther^y, when the PHASE signal is high, the set of the tranastors Q2 
and Q4 are placed into a condition in which they cannot be turned on whereas when the PHASE signal is low, the set 
£ of the transistors Qi and Q3 are placed into a condition in which they cannot be turned on. Accordingly, there are neither 
the simultaneous turn -on of the transistor and the transistor Q4 nor the simultaneous turn-on of the transistor Q2 and 
the transistor Q3. Namely, a control is made so that a through current flowing tMtween the power source E and the 
ground potential without passing through the rnductve load La is not generated. 

It is now assumed that the PHASE signal takes a high condition so that the turn-on of the transistors Qg and Q4 is 
10 inhibited. In this state, the output conditions of the NAND, and AND3 ctnange in accordance with signals other than the 
PHASE signal, ther^y controlling the transistors Qi and Q3. 

The control circuit 3^ has a reference power source VREFi for current comparison. The output of the reference 
VREFi and the output ( © ) of the current detecting resistor Rsa are inputted to an inverted input terminal and a non- 
inverted input terminal of a comparator COMP^ , respectively, and an output terminal of the COMP1 is connected to the 
15 set terminal S of each of flip-flaps FFi and FFj. 

An output terminal Q of the FFi is connected to the input terminals of the NANDi and NANDg through an INVg. and 
an output terminal Q of the FF2 is connected to the input terminals of the AND3 and4 through an INV3. 

The truth table of the FF^ and FF2 is shown in the following Table 1 . 
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Table 1. TRUTH TABLE OF FFi AND FF2 



The FFi and FF2 are constructed such that in a state in which the reset terminal R assumes a high condition, the 
35 output terminal Q takes a low condition irrespective of the condition of the set terminal S. 

Now provided that the output voltage of the current detecting resistor Rg^ is below the output voltage of the refer- 
ence power source VREF-i, the output of the above-mentioned COMPi is low and hence the set terminals S of the FFi 
and FF2 takes low conditions. Accordingly, the output terminals Q of the FFi arid FF2 are low. These low outputs are 
respectively inverted by the INV2 and INV3 so that the inverted high outputs are inputted to the NAND^ and NAND2 and 
40 the AND3 and AND4, respectively. 

At this time, since the PHASE signal assumes a high condition, the output of the NAND1 is low and the output of 
the AND3 is high. Therefore, the transistors Qi and Q3 are both brought into turned-on conditions. 

Thus, in the case where the voltage generated across the current detecting resistor Rsa 's lower than the output 
voltage of the VREF-i so that the output of the COMP^ is low and hence the output terminals Q of the FF^ and FF2 take 
45 low conditions, the transistors Qi and Q3 are turned on so that a current is supplied from the power source E to the 
inductive load La. 

When the voltage supplied from the power source E increases so that the voltage generated across the current 
detecting resistor Rsa exceeds the output voltage of the VREF1 , the output of the COMP, is inverted from the low con- 
dition to a high condition. Thereby, the set tenninals S of the FFi and FF2 turn into high conditions. 

50 As shown in Table 1 mentioned above, the FFi ^^^2 a^e constructed such that the condition of the output ter- 
minal Q can be controlled in accordance with the condition of the reset terminal R even if the set terminal S takes a high 
condition. The reset terminals R of the FF^ and FF2 are connected to the output terminals of the timing signal generat- 
ing circuit 7. As a result, the output terminals Q of the FFi and FF2 are controlled by the timing signal generating circuit 
7 when the output of the COMP1 is high. 

55 Explaining the internal block of the timing signal generating circuit 7, the timing signal generating drcuK 7 has an 
oscillator OSC, a comparator COMP2, a reference power source VREF2 and an OR1 and a connection is made such 
that the voltage of the above-mentioned timing condenser Ct is inputted to the OSC. 

The OSC has a circuit incorporated theran for charging and discharging the timing condenser Ct- With the opera- 
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are both turned on so that there is performed a cun-ent supply operation in which a cun-ent is supplied from the power 
source E to the inductive load L^. 

^ If the'reset terminal R takes the high condition, the output terminal Q takes the low condition irrespective of the con- 
dition of the set terminal S. Therefore, during the time when the rectangular wave 22 is high, the output terminals Q of 
the FFi and FF2 take the low conditions irrespective of whether the condition of the output signal of the COMP1 is high 
or low. that is, In either the case where a voltage generated across the cuneni detecting resistor Rg^^ exceeds the output 
voltage of the VREF, or the case where the former voltage is below the latter voltage. As a result, the turned-on condi- 
tions of the transistors Qi and Q3 are kept 

Provided that a period of time when the rectangular wave 22 is high is called a 'conrpulsory turn-on period", the 
forced turn-on period corresponds to a period of time when the voltage of the sawtooth wave 21 attenuates. Also, the 
forced turn-on period corresponds to an initial stage of start of the current supply operation. When the current supply 
operation is started, there is the case where noises are generated by a through current which may flow in a reverse 
recovery time of the flywheel diode Di or or a through current which may flow due to a capacitance component of 
the inductive load L^. However, the initial period of start of the current supply operation is taken as the forced turn-on 
period, thereby ignoring the output of the COMPi. Therefore, even in the case where the output of the COMPi is 
inverted by the noises, there Is no fear that an erroneous operation of erroneously stopping the current supply operation 
is generated. 

When the forced turn-on period is completed, the rectangular wave 22 and the rectangular wave 24 turn into low 
conditions and hence the reset terminals R of the FFi and FFg are brought into low conditions. The condition of the out- 
put terminal Q of the FF^ or FFg is determined In accordance with the condition of the set terminal S when the cordition 
of the reset terminal R is low. Accordingly, in the case where the output of the COMP1 has taken a high condition as the 
result of the increase of a current supplied from the power source E in the compulsory turn-on period, the output termi- 
nals Q of the FF, and FFg Immediately turn Into high conditions, thereby bringing the transistors Qt and Q3 into turned- 
off conditions. 

On the other hand, in Ihe case where the output of the COMPi is low at a point of time when the compulsory turn- 
on period is completed, the conditions of the output terminals Q of the FFi and FF2 remain as they were low and the 
transistors Qi and Q3 maintain the turned-on conditions. In time, however, the current supplied from the power source 
E to the inductive load La increases so tiiat tiie output of the COMPi is inverted. 

In this case, since the condition of the rectangular wave 22 is low and hence the condition of the reset terminal R 
of the FFi is low. the output terminal Q of the FF^ turns into a high condition in accordance with the inversion of ttie 
output of the COMPi, thereby turning the transistor Qi off. But, a state of the reset terminal R of the FF2 differs in 
accordance with the condition of the rectangular wave 24. 

Assume that a period of time from the start of a compulsory tijrn-on period until the turn of the rectangular wave 24 
from a low condition into a high condition is called a power source regeneration period and a period of time from the 
turn of the rectangular wave 24 into the high condition until the start of a forced turn-on period in tiie next driving period 
T is called a commutation period. In the case where the output of the COMPi is inverted in the power source regener- 
ation period, the output terminal Q of tiie FFg turns from a low condition into a high condition and hence the transistor 
Q3 is also turned off so that a power source regeneration operation Is started. When a commutation period Is started 
after the power regeneration period is completed, the transistor Q3 is turned on again so that the power source regen- 
eration operation transfers to a commutation operation. 

Then, a current is supplied from the power source E to the inductive load U by virtue of a cun-ent supply operation. 
Thus, the power source regeneration operation and the commutation operation are performed in a well-balanced man- 
ner. 

In this way, the operation differs in accordance with whether tiie point of time of inversion of the output of the 
COMPi is in the power source regeneration period or in the commutation period. Therefore, more detailed explanation 
will be made by use of Fig. 3 with the A and B phases of tiie two-phase stepping motor being applied to the former and 
latter cases, respectively Herein, it is assumed that cunents flowing through the A-phase and B-phase inductive loads 
La and Lg are I(_a and Ilb respectively and tiie values of tiie output voltages of the VREFi's In the control circuits 3a and 
3b reduced to current values are IREF^ and IREFb respectively 

First, ft is assumed that the cunents flowing through the inductive loads La and Lg begin to increase at a point {P1 1 
or P21) of time of turn of the rectangular wave 22 from a low condition into a high condition, and the current Ila flowing 
through tiie A-phase inductive load La reaches the upper limit current IREFa (or a current having an amplitude witfi 
which tiie COMPg Is inverted) at a point P12 in a power source regeneration period when the condition of the rectangu- 
lar wave 24 is low whereas the current Ilb lowing through the B-phase inductive load Lg reaches the upper limit cun-ent 
IREFb at a point P22 In a commutation period when the condition of the rectangular wave 24 is high. 

In such circumstances, the output of the COMP1 in the control circuit 3 A Is first inverted from a low condition to a 
high condition at the point of time P12 when tiie current Ila tiowing through the inductive load La reaches IREFa. 
Thereby, the set terminals S of the FFi and FF2 in the control circuit 3a turn into a high condition. In tiie power source 
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As explained in ihe foregoing, the start of a current supply operation for the A-phase inductive load La and the start 
of a current supply operation for the B-phase inductive load Lb are determined by the time constant of one series drcuit 
of the timing resistor R-r and the timing condenser Cj and one timing signal generating circuit 7 and are therefore simul- 
taneous with each other. Accordingly, there Is no fear that the timings of start of both the current supply operations devi- 
ate from each other. As a result, there is no fear that noises or vibrations caused t>y beats are generated. 

The atove-mentioned series of operations concern the case where cun-ents flown to the inductive loads La and Lb 
are swrtched to keep the values thereof constant. In the Inductive load driving apparatus 2, however, the amplitudes of 
switching currents flown to the Inductive loads La and can be changed by changing the output voltages of the refer- 
ence power sources VREFi and VREFj for current comparison In the control circuits 3a and Zq. 

The change of the flown switching current wilt be explained in Bg. 4 with the A-phase inductive load La taken as an 
example. Herein, it is assumed that from a steady state in which a constant level of the current IREFa is maintained, the 
switching cunent flowing through the inductive load La is changed to IREF'a at a point P31 of time by reducing the out- 
put vcrftage of the reference power source VREF-i for current comparison. 

Each of the current levels IREFa and IREF'a 'S a current value with which the output of the COMPi in the control 
circuit 3a 'S Inverted. Assume that at a point of time of completion of a compulsory turn-on period, a current flowing 
through the inductive load La has already exceeded IREFa and the COMP1 has taken a high condition. At the point of 
time of completion of the forced turn-on period, the transfer to a power source regeneration operation is imnrediately 
made. When there turns into a commutation period, the transfer from the power source regeneration operation to a 
commutation operation is made. 

In the case where there transfers from that state to a cun-ent supply operation, it is general that the cunent Ila flow- 
ing through the Inductive load La remains over IREF'a and hence the transfer to the power source regeneration opera- 
tion is made immediately after the completion of a compulsory turn-on period. 

The above operation is repeated until the current Ila flowing through the inductive load La at the point of time of 
completion of a compulsory turn -on period is below IREF'a. 

Even in such a transient state, a current Is supplied from the power source E. This is made for causing the flow of 
a current through the cun-ent detecting resistor Bsa fo detect the amplitude of the current I|_a through the inductive load 
La so that the return to a steady state is immediately made wfhen the current Ila is below the cun-ent IREF'a which is a 
reference cun-ent. 

Also in this transient state, the driving period T follows the oscillating period of the sawtooth wave 21 as in the 
steady state with no difference between the transient state and the steady state. The operations for the A and B phases 
are synchronous with each other so that a current supply operation, a power source regeneration operation and a com- 
mutation operation for the A phase are started simultaneously with those for the B phase, respectively. 

On the other hand, in the transient operation, the transfer to the power source regeneration operation is made 
immediately after the completion of the compulsory turn-on period, unlike the steady state. Therefore, a period of time 
In one driving period T when the power source regeneration operation is performed is long as compared with that in the 
steady state. Accordingly, the current Ila flowing through the inductive load La rapidly attenuates, thereby enabling the 
quick arrival to the Intended current IREF'a. 

In the above-mentioned inductive load driving apparatus 2, bi-polar transistors are used as the semiconductor 
switching elements. However, insulated gate transistors (MOSFET's) may be used. The flywheel diodes may include 
various rectifying elements such as pn junction diodes, Schottky diodes or the like. 

Though the above-mentioned inductive load driving apparatus 2 has an IC structure, the present invention may 
include a multi-chip module having the transistors Qi to Q4 and the flywheel diodes Di to D4 as single chips and a 
hybrid IC 

Inversely, a structure having the timing resistor Hj and the cun-ent detecting resistor Rg incorporated therein may 
also be included In the present invention. 

Since a power source regeneration operation and a commutation operation can be performed in a well-balanced 
manner, a high-frequency driving can be performed with a switching current having a small ripple. 

Even If a plurality of inductive loads are driven, there is no fear that noises or vibrations caused by beats are gen- 
erated. 

When a swtching cunent level flown to an inductive load is to be reduced, the reduction can be made quickly. 
Claims 

1 . An inductive load driving method for controlling a current flowing an inductive load (La), said cun-ent being supplied 
in both fonrard and reverse directions by an H-bridge circuit (4a) including four semiconductor switching elements 
(Q1-Q4} and f lywfheel diodes (D1-D4) respectively connected to said semiconductor switching elements, said induc- 
tive load driving method comprising at least two of: 
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FIG.5 
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